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Abstract: The aim of this study was to evaluate the
metabolism of odontoblast-like MDPC-23 cells subjected to di-
rect LLL irradiation. The cells were seeded (20,000 cells/well)
in 24-well plates and incubated for 24 hours at 37◦C. After this
period, the culture medium (DMEM) was replaced by fresh
DMEM supplemented with 2 or 5% (stress induction by nu-
tritional deﬁcit) or 10% fetal bovine serum (FBS). The cells
were exposed to laser doses of 2, 4, 10, 15 and 25 J/cm2 from
a near infrared InGaAsP diode laser prototype (LASERTable;
780±3 nm, 40 mW). One control group (sham irradiation) was
established for each experimental condition (laser dose x FBS
supplementation). Three and 72 hours after the last irradiation,
cells were analyzed with respect to metabolism, morphology,
total protein expression and alkaline phosphatase (ALP) activ-
ity. Higher metabolism and total protein expression were ob-
served 72 hours after the last irradiation at the doses of 15
and 25 J/cm2 (Mann-Whitney; p<0.05). Higher ALP activ-
ity was obtained with 5% FBS when the cells were irradiated
with doses of 2 and 10 J/cm2. For the dose of 25 J/cm2, the
highest ALP activity was observed with 10% FBS. It was con-
cluded that the LLLT parameters used in this study stimulated
the metabolic activity of the MDPC-23 cells, especially at the
doses of 15 and 25 J/cm2.
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1. Introduction
Dentin hypersensitivity has long been a common symp-
tomatic condition in dental practice, which causes great
discomfort to the patient and may result in pulpal inﬂam-
mation [1–3]. It is characterized by brief, sharp, pain aris-
ing from exposed dentin in response to tactile, evaporative,
chemical or thermal stimuli, which cannot be attributed to
any other dental defect or pathology [2,4,5]. Exposure of
dentin is closely related to dentinal hypersensitivity, and
it most frequently occurs at the buccal cervical region of
canines and premolars. Several factors can contribute to
dentin exposure, such as toothbrush abrasion, gingival re-
cession, acidic diet [6], and eccentric occlusal forces, caus-
ing abfractive lesions [7].
The ideal treatment of cervical dentin hypersensitivity
should be painless, clinically feasible and should present
an immediate, effective and lasting action, without being
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irritating to the pulp or causing side effects [8]. The use
of low-level laser (LLL) for the treatment of dentin hyper-
sensitivity has been investigated for the last years [3,7,8].
The biostimulatory effect of LLL on the odontoblasts leads
to new dentin formation by the production of reactionary
dentin matrix [9], which obliterates the dentin tubules and
causes reversion of sensitivity [2,10]. In addition, LLL ir-
radiation has a concomitant analgesic effect due to the re-
lease of endorphin at the synapse of the nerve endings lo-
calized in the dentin tubules [11].
The speciﬁc therapeutic window of LLL therapy
(LLLT) for each cell type has not yet been determined, but
it has been investigated in vitro [11,12]. Near infrared laser
has been shown to play a role in inducing bone formation
by stimulation of cellular proliferation and differentiation
in osteoblast cultures [13] and to increase the mitochon-
drial adenosine triphosphate (ATP) levels, cellular adhe-
sion in HeLa tumor cells [14–16], diagnosis of malignant
lesions [17], detection of the concentration of carotenoid
antioxidant substances [18], and diagnose of dental caries
by the near-IR imaging [19]. Studies using several cell
lines such as, keratocytes, endothelial cells, osteoblasts
and hamster mucosa cells, have shown that near infrared
laser irradiation is capable of inducing cellular prolifer-
ation [20–23] and differentiation [24], increase of DNA
[25] bone protein synthesis [21,22,26,27], and bone tissue
formation, without causing genotoxic or cytotoxic damage
[28].
However, it remains unclear the relationship between
the action of near infrared laser and the decrease of dentin
hypersensitivity by the increase of odontoblast metabolic
activity as well as the molecular response mechanism of
cells with odontoblast-like phenotype irradiated with this
type of laser [1,21,22]. It is therefore necessary to deter-
mine the most adequate parameters for direct biostimula-
tion of odontoblast-like cell lines with near infrared laser
in order to establish the actual effects of LLLT on this cell
type.
2. Materials and methods
2.1. MDPC-23 cell culture
Immortalized cells of the MDPC-23 cell line were de-
frost and cultured in Dulbecco’s Modiﬁed Eagle’s Medium
(DMEM; Sigma Chemical Co., St. Louis, MO, USA) sup-
plemented with 10% fetal bovine serum (FBS; Gibco,
Grand Island, NY, USA), with 100 IU/mL penicillin,
100 μg/mL streptomycin, and 2 mM/L glutamine (Gibco,
Grand Island, NY, USA) in an humidiﬁed incubator with
5% CO2 and 95% air at 37◦C (Isotemp; Fisher Scientiﬁc,
Pittsburgh, PA, USA). The cells were sub-cultured every 3
days at a concentration of 20,000 cells/well until an ade-
quate number of cells were obtained for the study.
Energy Irradiation % FBS
density, J/cm2 time, s 2% 5% 10%
2 100 Group 1 Group 2 Group 3
4 200 Group 4 Group 5 Group 6
10 500 Group 7 Group 8 Group 9
15 750 Group 10 Group 11 Group 12
25 1250 Group 13 Group 14 Group 15
Table 1 Laser doses, irradiation times and fetal bovine serum
(FBS) concentrations used in the study (N= 40 specimens per
experimental group. A control group (0 J/cm2) was performed
for each experimental condition)
2.2. LLLT on the MDPC-23 cells
MDPC-23 cells (20,000 cells/well) were seeded in 12
wells of sterile acrylic 24-well plates using plain DMEM
supplemented with 10% FBS. After 24-hour incubation
with 5% CO2 and 95% air at 37◦C, the culture medium
was aspirated replaced by fresh DMEM supplemented
with either 2 and 5% FBS (to induce cellular stress by nu-
tritional deﬁcit) [3,7,15,21,22] or 10% FBS for 24 hours.
After this period and immediately before laser irradiation,
the culture medium was renewed, maintaining the FBS
concentrations (2, 5, or 10%).
The LLL device used in this study was a system
based on near infrared indium gallium arsenide phosphide
(InGaAsP) diode lasers (LASERTable; 780±3 nm wave-
length) speciﬁcally designed to provide a uniform irradia-
tion of the wells, in which the cells were seeded [29,30].
The radiation originated from the LASERTable was deliv-
ered at different laser doses: 2, 4, 10, 15, and 25 J/cm2.
The groups formed according to the different laser doses,
irradiation times and FBS concentrations used in the study
are shown in Table 1. The laser light reached the MDPC-
23 cells at the bottom of each well with a power of 40 mW,
considering the loss of optical power in each well due to
the interposition of the acrylic plate. The cells were irradi-
ated every 24 hours totalizing 3 applications during 3 con-
secutive days [3,7,8,20,31]. After the last irradiation cycle,
the 24-well plates were incubated for additional period of
3 hours or 72 hours [21,22].
The cells assigned to the control groups received the
same treatment as that of the experimental groups. The 24-
well plates containing the control cells were maintained at
the LASERTable for the same irradiation times used in the
respective experimental groups, though without activating
the laser source (sham irradiation). One control group was
established for each experimental group because the differ-
ent periods that the cells remained out of the incubator for
laser irradiation should be simulated in the control groups.
The cells were evaluated 3 or 72 hours after the last active
or sham irradiation.
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2.3. Analysis of cell viability (MTT assay)
Eighteen specimens of each experimental and control
groups were used for analysis of cell metabolism at 3 or
72 hours after the last active or sham irradiation, respec-
tively. Cell metabolic activity was evaluated by succinic
dehydrogenase (SDH) activity, which is a measure of the
mitochondrial respiration of the cells. For such purpose,
the methyltetrazolium (MTT) assay was used [32].
Each well with the MDPC-23 cells received 900 μL
of DMEM associated with 100 μL of MTT solution
(5 mg/mL sterile PBS). The cells were incubated at 37◦C
for 4 hours. Thereafter, the culture medium (DMEM;
Sigma Chemical Co., St. Louis, MO, USA) with the MTT
solution were aspirated and replaced by 700 μL of acidi-
ﬁed isopropanol solution (0.04 N HCl) in each well to dis-
solve the violet formazan crystals resulting from the cleav-
age of the MTT salt ring by the SDH enzyme present in
the mitochondria of viable cells. Three 100 μL aliquots
of each well were transferred to a 96-well plate (Costar
Corp., Cambridge, MA, USA). Cell viability was evalu-
ated by spectrophotometry as being proportional to the ab-
sorbance measured at 570 nm wavelength with an ELISA
plate reader (Multiskan, Ascent 354, Labsystems CE, Leˆs
Ulis, France). The values obtained from the three aliquots
were averaged to provide a single value. Then, the in-
hibitory effect of the different groups on cell mitochondrial
activity was calculated and expressed as medians.
2.4. Analysis of cell morphology by scanning
electron microscopy (SEM)
Four specimens of each experimental and control group
were used for analysis of cell morphology by SEM, 3 or 72
hours after the last active or sham irradiation. Sterile 12-
mm-diameter cover glasses (Fisher Scientiﬁc) were placed
at the bottom of the wells of all experimental and control
groups immediately before seeding the cell lines. After ex-
posure to the experimental conditions, the culture medium
was removed and the viable cells that remained adhered to
the glass substrate were ﬁxed in 1 mL of buffered 2.5%
glutaraldehyde for 24 hours and post-ﬁxed with 1% os-
mium tetroxide for 1 hour. The cells adhered to the glass
substrate were then dehydrated in a series of increasing
ethanol concentrations (30, 50, 70, 95, and 100%) and
immersed in 1,1,1,3,3,3-hexamethyldisilazane (HMDS;
Acros Organics, Springﬁeld, NJ, USA) for 90 minutes and
stored in a desiccator for 24 hours. The cover glasses were
then mounted on metallic stubs, sputter-coated with gold
and the morphology of the surface-adhered and MDPC-23
cells was examined with a scanning electron microscope
(JEOL-JMS-T33A Scanning Microscope, Tokyo, Japan).
2.5. Total protein expression
Total protein expression was performed according to the
Read-Northcote (1981) [33] protocol, using 18 speci-
mens of each experimental and control group. The cul-
ture medium was aspirated and the cells were washed
three times with 1 mL PBS heated at 37◦C. An amount
of 1.1 mL of 0.1% sodium lauryl sulfate (Sigma Chemical
Co., St. Louis, MO, USA) were added to each well and
maintained for 30 minutes at room temperature to produce
cell lysis. The samples were homogenized and 1 mL from
each well was transferred to properly labeled Falcon tubes
(Corning Incorporated, Corning, NY, USA). One milliliter
of distilled water was added to the blank tube. Next,
1 mL of Lowry reagent solution (Sigma Chemical Co., St.
Louis, MO, USA) was added to all tubes, which were ag-
itated for 10 seconds in a tube agitator (Phoenix AP 56,
Araraquara, SP, Brazil). After 20 minutes at room tempera-
ture, 500 μL of Folin-Ciocalteau’s phenol reagent solution
(Sigma Chemical Co., St. Louis, MO, USA) were added to
each tube followed by 10-seconds agitation. Twenty min-
utes later, three 100 μL aliquots of each tube were trans-
ferred to a 96-well plate and the absorbance of the test and
blank tubes was measured at 655 nm wavelength in a spec-
trophotometer (Micronal B328, Sa˜o Paulo, SP, Brazil). To-
tal protein expression was calculated by multiplying the
absorbance obtained in the test by the calibration factor.
2.6. Alkaline phosphatase (ALP) activity
In each group, the same 18 specimens used for total protein
expression were also employed for analysis of ALP activ-
ity at 3 and 72 hours after the last irradiation using a col-
orimetric endpoint assay (ALP Kit; Labtest Diagno´stico
S.A., Lagoa Santa, MG, Brazil) with a thymolphthalein
monophosphate substrate. This is a phosphoric acid es-
ter substrate that is hydrolyzed by ALP and releases thy-
molphthalein, which gives a bluish color to the solution.
The intensity of the resulting color is directly proportional
to the enzymatic activity and is analyzed by spectropho-
tometry [34].
The culture medium was aspired and the cells were
washed 3 times with sterile PBS at 37◦C. An amount of
1.1 mL of 0.1% sodium lauryl sulfate (Sigma Chemical
Co., St. Louis, MO, USA) was added to each well and
maintained for 30 minutes at room temperature to produce
cell lysis. Next, Falcon tubes (test, standard and blank)
were properly labeled and 50 μL of substrate (thymolph-
thalein monophosphate 22 mmol/L – Kit’s reagent #1) and
500 μL of buffer (300 mmol/L, pH 10.1 – Kit’s reagent
#2) were added to each tube. An amount of 50 μL of the
standard solution 45 U/L (Kit’s reagent #4) was added
only to the standard tube. Thirty minutes after cell lysis,
the tubes were placed in a double boiler (Fanem, Guarul-
hos, SP, Brazil) at 37◦C for 2 min. The samples were
homogenized and 50 μL of each plate were transferred
to the test tubes and maintained in the double boiler un-
der gentle agitation. After 10-minutes incubation, 2 mL of
color reagent (sodium carbonate 94 mmol/L and sodium
hydroxide 250 mmol/L – Kit’s reagent #3) were added.
www.lphys.org
c© 2011 by Astro Ltd.
Published exclusively by WILEY-VCH Verlag GmbH & Co. KGaA
158 C.F. Oliveira, F.G. Basso, et al. : In vitro effect of low-level laser
Irradiation dose, J/cm2 % FBS
2% 5% 10%
2 0.717 (0.629 – 0.797) a B 0.887 (0.816 – 0.992) a A 0.933 (0.833 – 0.989) a A
4 0.688 (0.601 – 0.748) ab B 0.882 (0.780 – 0.989) a A 0.878 (0.823 – 0.941) ab A
10 0.737 (0.661 – 0.778) a B 0.866 (0.781 – 0.908) a A 0.856 (0.807 – 0.902) ab A
15 0.712 (0.630 – 0.782) ab B 0.864 (0.837 – 0.963) a A 0.849 (0.801 – 0.909) ab A
25 0.663 (0.632 – 0.765) ab B 0.825 (0.724 – 0.914) a A 0.821 (0.768 – 0.926) b A
0* (control) 0.643 (0.528 – 0.749) b B 0.846 (0.731 – 0.997) a A 0.829 (0.727 – 0.936) b A
∗ Represents the sham irradiation (0 J/cm2), that is, the control cells were maintained in the LASERTable for the same irradiation times used in the experimental
groups, though without activating the laser source. As none of the sham-irradiation times have statistically signiﬁcant effects on SDH enzyme production, all
controls were compiled in a single control group (n = 80).
Table 2 Production of succinic dehydrogenase (SDH) enzyme detected by the MTT assay in the non-irradiated (control*) and irradiated
groups at 72 hours after the last active or sham irradiation, according to the laser dose (J/cm2) and fetal bovine serum concentration (%
FBS). Values represent median (P25 – P75), n = 16 (except for the control group, n = 80). Values followed by same lowercase letters in
columns and uppercase letters in rows did not differ statistically (Mann-Whitney, p> 0.05)
The absorbance of the test, standard and blank tubes was
measured at 590 nm wavelength with a spectrophotometer
(Micronal B382, Sa˜o Paulo, SP, Brazil). ALP activity was
calculated by multiplying the absorbance values by the cal-
ibration factor and the ﬁnal values were normalized.
3. Statistical analysis
Initially, the control groups were compared to each other
in order to determine the inﬂuence of the period that the
MDPC-23 cells remained out of the incubator on their
metabolism. Kruskal-Wallis (period out of the incubator
and FBS concentration) complemented by Mann-Whitney
tests for pairwise comparisons were applied to all collected
data. As the period out of the incubator showed no signif-
icant inﬂuence on the SDH enzyme activity and total pro-
tein, data from the control groups were compiled in a sin-
gle control group (n=80). Just to the ALP assay the data
were transformed into percentage of the control, consid-
ering the mean of each control as 100% because on this
analyze the period out of incubator were signiﬁcant. Af-
ter that the data were analyzed statistically by Kruskal-
Wallis complemented by Mann-Whitney tests. A signiﬁ-
cance level of 5% was set for all analyses.
4. Results
4.1. Cell metabolism (MTT assay/SDH enzyme
production
None of the sham-irradiation times presented statisti-
cally signiﬁcant effects on SDH enzyme production (cell
metabolism) at 72 hours after the last irradiation. For this
reason, the control groups were compiled into a single con-
trol group (non-irradiated cells, 0 J/cm2, n = 80). SDH en-
zyme production was signiﬁcantly greater at 72 hours than
3 hours after the last active or sham irradiation (data not
shown).
Comparing the effect of FBS concentration on cell
metabolism, in all irradiated and sham-irradiated groups
the lowest SDH enzyme production was observed when
the culture medium was supplemented with 2% (nutri-
tional stress), while the 5% and 10% FBS concentrations
did not differ from each other (10% FBS= 5% FBS< 2%
FBS) (Table 2, rows).
No signiﬁcant effect of the laser doses was observed
when the culture medium was supplemented with 5% FBS.
In this way, none of the irradiated groups differed from
each other or from the control group (Table 2, columns). A
signiﬁcant effect of laser dose was observed only when the
culture medium was supplemented with 2 and 10% FBS.
For 2% FBS, the groups irradiated with 2 and 10 J/cm2
caused higher SDH enzyme production than the control
group. No statistically signiﬁcant differences were ob-
served among the irradiated groups (Table 2, columns).
When the culture medium was supplemented with 10%
FBS, the group irradiated with 2 J/cm2 differed signiﬁ-
cantly from the control. Comparing the irradiated groups,
signiﬁcant differences were observed only between those
irradiated with 2 and 25 J/cm2, with higher SDH enzyme
production enzyme in the group with lower energy dose.
4.2. Total protein expression
In the same way as observed for SDH enzyme production,
none of the sham-irradiation times showed statistically sig-
niﬁcant effects on total protein expression at 72 hours after
the last irradiation. For this reason, the control groups were
compiled into a single control group (non-irradiated cells,
0 J/cm2, n = 80). Total protein expression was signiﬁcantly
greater 72 hours than 3 hours after the last active or sham
irradiation (data not shown).
Regardless of the energy dose applied to the MDPC-
23 cells, the lowest total protein expression was observed
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Irradiation dose, J/cm2 % FBS
2% 5% 10%
2 0.700 (0.664 – 0.761) c B 0.833 (0.779 – 0.864) c A 0.853 (0.789 – 0.925) c A
4 0.730 (0.683 – 0.753) c B 0.802 (0.750 – 0.862) c A 0.841 (0.765 – 0.905) c A
10 0.729 (0.667 – 0.752) c B 0.789 (0.769 – 0.822) c A 0.799 (0.778 – 0.852) c A
15 0.842 (0.812 – 0.874) a B 0.936 (0.913 – 0.996) b A 0.983 (0.932 – 1.021) b A
25 0.860 (0.832 – 0.897) a B 0.952 (0.932 – 1.032) a A 0.991 (0.953 – 1.036) a A
0* (control) 0.809 (0.766 – 0.862) b B 0.915 (0.886 – 0.964) b C 0.953 (0.905 – 0.985) b A
∗ Represents the sham irradiation (0 J/cm2), that is, the control cells were maintained in the LASERTable for the same irradiation times used in the experimental
groups, though without activating the laser source. As none of the sham-irradiation times have statistically signiﬁcant effects on total protein expression, all
controls were compiled in a single control group (n = 80).
Table 3 Total protein expression detected by the Lowry’s method assay in the non-irradiated (control*) and irradiated groups at 72
hours after the last active or sham irradiation, according to the laser dose (J/cm2) and fetal bovine serum concentration (% FBS). Values
represent median (P25 – P75), n = 16 (except for the control group, n = 80). Values followed by same lowercase letters in columns and
uppercase letters in rows did not differ statistically (Mann-Whitney, p> 0.05)
Irradiation dose, J/cm2 % FBS
2% 5% 10%
2 114.0 (92.7-132.6) b B 145.7 (114.8-162.3) a A 124.5 (102.4-156.5) b AB
4 97.9 (86.1-118.3) bc A 110.7 (92.5-119.4) b A 99.0 (82.3-125.7) c A
10 84.7 (80.7-93.7) d B 105.7 (100.3-115.1) b A 99.1 (88.6-119.9) c AB
15 157.2 (108.2-181.7) a A 143.2 (125.0-172.7) a A 136.7 (124.3-160.0) ab A
25 132.1 (123.5-154.5) a B 150.2 (135.7-156.6) a AB 150.9 (142.5-162.9) a A
0* (control) 100.0 (86.9-111.4) c A 100.0 (84.5-111.2) b A 99.9 (91.1-109.8) c A
∗ Represents the sham irradiation (0 J/cm2), that is, the control cells were maintained in the LASERTable for the same irradiation times used in the experimental
groups, though without activating the laser source. After transformation into percentage, the controls were compiled into a single control group (n = 80).
Table 4 Alkaline phosphatase (ALP) activity in the non-irradiated (control*) and irradiated groups at 72 hours after the last active or
sham irradiation, according to the laser dose (J/cm2) and fetal bovine serum concentration (%FBS). Values represent median (P25 –
P75), n = 16 (except for the control group, n = 80). Values followed by same lowercase letters in columns and uppercase letters in rows
did not differ statistically (Mann-Whitney, p> 0.05)
when the culture medium was supplemented with only 2%
FBS. Comparing the irradiated groups, no signiﬁcant dif-
ference in the total protein expression was observed when
5 or 10% FBS was added to the culture medium. In the
control group, the highest total protein expression was
observed with 10% FBS followed by 5% FBS (Table 3,
rows).
In general, for the three FBS concentrations, the irra-
diation of MDPC-23 cells with 2, 4, and 10 J/cm2 resulted
in signiﬁcantly lower total protein expression when com-
pared to the control group, in which the cells were not irra-
diated. On the other hand, cell irradiation with 25 J/cm2 re-
sulted in signiﬁcantly higher total protein expression when
compared to the control group for all FBS concentrations.
The energy doses of 2, 4, and 10 J/cm2 did not differ sig-
niﬁcantly from each other in any of the FBS concentra-
tions. The dose of 25 J/cm2 was superior from a stand-
point of the stimulus of total protein expression compared
to the 15 J/cm2 only when the culture medium was supple-
mented with 5 and 10% FBS. When the medium was sup-
plemented with 2% FBS these energy doses did not differ
signiﬁcantly from each other (Table 3, columns).
4.3. ALP activity
A statistically signiﬁcant increase in ALP activity was de-
tected 72 hours after the last active or sham irradiation
compared to the 3-hour period in the control and irradi-
ated groups (data not shown).
The periods that the control cells remained out of the
incubator to simulate irradiation induced a statistically sig-
niﬁcant effect on ALP activity. In order to allow for subse-
quent comparison of the effect of laser doses, the values of
the experimental groups (irradiated) as well as the values
of the control groups were transformed in percentage, con-
sidering the value of the median of each control group as
100% of ALP activity. This normalization aimed at elim-
inating the resulted effect by the permanence of the cells
out of the incubator.
The ALP values transformed into percentage of the
control are presented in Table 4. The effect of FBS con-
centration varied according to the irradiation dose, except
for the doses of 4 and 15 J/cm2, in which no effect of
this concentration was observed (Table 4, rows). For the
doses of 2 and 10 J/cm2, the greatest values of ALP pro-
www.lphys.org
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Figure 1 Panel of SEM micrographs representative of cell mor-
phology in each group. (a) – (control 5% SFB) MDPC-23 cells
with a wide cytoplasm and numerous several thin cytoplasmic
processes originating from their membrane cover the glass sub-
strate, characterizing an epithelioid nodule, (b) – (2 J/cm2 5%
SFB) cells with normal morphology can be observed on the cover
glass, (c) – (4 J/cm2 10% SFB) note the dense epithelioid nod-
ule, with some cells undergoing mitosis, and (d) – (10 J/cm2 10%
SFB) in the same way as observed in the other groups, the glass
substrate is covered by MDPC-23 cells with normal morphology.
SEM, magniﬁcation original ×1000
duction were observed when the culture medium was sup-
plemented with 5% FBS followed by 10% FBS, though
without statistical signiﬁcance. However, 2% FBS showed
signiﬁcantly lower ALP production than 5% FBS. For the
dose of 25 J/cm2, the greatest values were obtained with
the 10% FBS, which differed signiﬁcantly from the values
obtained with 2% FBS (Table 4, rows).
For all FBS concentrations, irradiation of the MDPC-
23 cells with 2, 15, and 25 J/cm2 resulted in signiﬁcantly
higher ALP activity compared to the control group (Ta-
ble 4, columns). Irradiation of the cells with doses of 4
and 10 J/cm2 did not induce any effect on ALP activity
when the culture medium was supplemented with 5 and
10% FBS. However, when only 2% FBS was added to the
medium, irradiation of cells with 10 J/cm2 resulted in a
signiﬁcantly reduction in ALP activity when compared to
the control cells (Table 4, columns).
4.4. Evaluation of cell morphology (SEM)
The non-irradiated MDPC-23 cells that were subjected
to nutritional deﬁcit (decreased FBS concentration in the
culture medium) exhibited normal morphology similar to
that of the cells cultured in DMEM supplemented with
(a)
20 μm×50020 kV
(b)
(c) (d)
20 μm×50020 kV
20 μm×50020 kV20 μm×50020 kV
Figure 2 Panel of SEM micrographs representative of cell mor-
phology in each group. (a) – (control 5% SFB) numerous MDPC-
23 cells, some of which undergoing mitosis, exhibit normal mor-
phology and are covering the entire glass substrate, (b) – (control
10% SFB) great part of the glass substrate is covered by numer-
ous MDPC-23 cells organized in wide epithelioid nodules, (c) –
(15 J/cm2 5% SFB) and (d) – (15 J/cm2 10% SFB) note a detail
of an epithelioid nodule formed by a dense group of odontoblast-
like cells, which present a wide irregular cytoplasmic membrane,
from which numerous thin and short cytoplasmic processes are
originating. SEM, original magniﬁcation ×500
10% FBS (Fig. 1). They presented a wide cytoplasm with
several thin, short cytoplasmic processes originating from
their membrane that seemed to keep them attached to the
glass substrate. Mitoses were observed in all specimens.
Similar morphological characteristics were also observed
for the irradiated MDPC-23 cells subjected to stress con-
ditions (2 and 5% FBS).
In control groups, in which the cells were seeded in
culture medium supplemented with 2% FBS (nutritional
stress) or 10% FBS, and maintained for 750 seconds in
the LASERTable without activating the laser source (sham
irradiation), the glass was almost completely covered by
cells (Fig. 2a and Fig. 2b). The MDPC-23 cells subjected
to stress by FBS deﬁcit and irradiated at a dose of 15 J/cm2
were organized in well-deﬁned epithelioid nodules, which
were covering the entire surface of the cover glass (Fig. 2c
and Fig. 2d). The cells exhibited a wide cytoplasm with
numerous thin and short cytoplasmic processes originat-
ing from the cytoplasmic membrane. For both situations
(normal or stress condition), mitoses were frequently ob-
served in all evaluate specimens. When compared to other
irradiation parameters used in this study, a larger number
of cells remained adhered to the glass substrate after irra-
diation with 15 J/cm2.
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Figure 3 (Panel of SEM micrographs representative of cell mor-
phology in each group. (a) – (control 5% FBS) the MDPC-23
cells exhibit normal morphology and are covering almost the en-
tire surface of the glass substrate, (b) – (control 10%FBS) the
MDPC-23 cells present a wide cytoplasm, from which numerous
thin cytoplasmic processes are originating, (c) – (25 J/cm2 5%
SFB) and (d) – (25 J/cm2 10% SFB) in the same way as observed
for the other control groups, great part of the glass substrate is
covered by MDPC-23 cells, which present normal morphology.
A larger number of cytoplasmic processes are observed in the
groups, in which the cells were irradiated. SEM, magniﬁcation
original ×1000
The MDPC-23 cells that were subjected to stress by
deﬁcit of FBS and maintained in the ideal FBS concen-
tration presented normal morphology and were covering
the entire glass substrate (Fig. 3a and Fig. 3b). The cells
irradiated at a dose of 25 J/cm2 exhibited more evident
thin, short cytoplasmic processes originating from the cy-
toplasmic membrane (Fig. 3c and Fig. 3d). Mitoses were
observed in all groups.
5. Discussion
LLLT has been applied in several health ﬁelds. However,
little is known about the mechanisms of action of LLL
laser on the cells [16,35]. Lasers with wavelength in the
near infrared spectral region, such as the InGaAsP diode
laser used in the present study, can reach the mitochon-
drial membrane of the cells and be absorbed by the chro-
mophores, thus stimulating the cell functions [15]. Among
these functions, the most frequently investigated with re-
spect to biomodulation are cell proliferation, tissue healing
associated with the release of proteins and cytokines, the
synthesis of collagen matrix [36–39] and also the treat-
ment of chronic systemic metabolic disease and tissue le-
sions [40].
Laser studies have used nutritional deﬁcit to cause
stress to different cell cultures [12,41]. In the present
experiment, the complete culture medium (supplemented
with 10% FBS), in which the cells were originally cul-
tured for 24 hours, was replaced by culture medium sup-
plemented with different concentrations of FBS. DMEM
supplementation with 2 and 5% FBS to induce cellular
stress is based on previous studies, which demonstrated
that cultured cells respond more effectively when sub-
jected to such stimulus, since the cellular response mecha-
nisms become more sensitive to absorption of laser irradi-
ation [12,27,35,41].
L. Almeida-Lopes et al. (2001) [12] have demonstrated
that FBS-free culture medium applied on laser-irradiated
ﬁbroblast cultures did not produce cellular proliferation
due to the absence of the growth factor that may cause
a harmful cell stress condition. Therefore, the addition of
5% FBS promoted a lower proliferation rate than the ideal
supplementation (10%), though sufﬁcient to induce an in
vitro stress condition. In the same way, C.F. Oliveira et
al. (2008) [1] did not observe biostimulation after irradi-
ation of odontoblast-like cells seeded in culture medium
without FBS. However, the lack of scientiﬁc data demon-
strating the inﬂuence of the different FBS concentrations
present in the culture medium on cell metabolism makes it
difﬁcult to compare the results to those of studies on laser
irradiation of cell cultures, most of which did not standard-
ize this parameter.
The present study evaluated the effects of DMEM sup-
plementation with FBS at 2, 5, and 10% on the metabolic
activity of cultured odontoblast-like cells after LLL ir-
radiation (780 nm). The cells responded more favorably
to the 5% FBS when exposed to irradiation, differing
signiﬁcantly from the other groups at the doses of 15
and 25 J/cm2. This result agrees with those obtained by
L. Almeida-Lopes et al. (2001) [12], who found that cul-
tured ﬁbroblasts under conditions of nutritional deﬁcit pre-
sented similar or greater cellular growth when irradiated
compared to the control cells. A.N. Pereira et al. (2002)
[42] also found an increase in the proliferation of NIH
3T3 cells exposed to stress conditions, however the culture
medium was supplemented with only 2.5% FBS. There-
fore, it may be suggested that the FBS concentration that
may generate the non-harmful stress stimulus is probably
speciﬁc for each cell type.
It may be emphasized that the reduction of FBS con-
centration in the culture medium (2%) caused no damage
to the cells, since the MDPC-23 cells observed by SEM
presented normal morphological characteristics, which
was also seen in the irradiated and control groups.
It has been demonstrated that the biomodulatory ef-
fect of LLL is speciﬁc for several cell types, among
which macrophages, lymphocytes, keratinocytes, endothe-
lial cells, ﬁbroblasts, and osteoblasts [12,20–23]. For cells
with odontoblast-like phenotypes, cellular proliferation
www.lphys.org
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and synthesis of certain proteins are among the most de-
sired biomodulatory effects because these cellular activi-
ties are directly involved in pulp healing. It has been de-
scribed that the laser irradiation of cells promotes electron
excitation of photorreceptors molecules present in the res-
piratory chain, which unchains proliferative responses to-
gether with the increase of protein expression [43]. H. Pre-
tel et al. (2009) [9] showed in capuchin monkeys that when
the LLLT was applicated direct to pulp capping, it could
stimulated a greater formation of dentin bridge in the pulp
exposure region. In the present study, speciﬁcally in the
group of direct irradiation, it was possible to identify more
evident cell proliferation 72 hours after the last irradia-
tion. The cells irradiated and maintained in DMEM sup-
plemented with 5 or 10% of FBS showed increased SDH
production compared to those, in which DMEM was sup-
plemented with 2% FBS. This phenomenon was also ob-
served for total protein synthesis. In this way, it can be
stated that irradiation with the wavelength evaluated in the
present study was satisfactory for the MDPC-23 cell line.
When applied at adequate doses, such as the 15 and
25 J/cm2 used in the present in vitro experiment, the in-
frared laser may reach the mitochondrial membrane of
the cells, being absorbed by the chromophores. These
structures are photosensitive and comprehend the class of
porphyrines, ﬂavins, mitochondrial cytochromes, plasma
membrane, and NADH oxidase system, which has ﬂavo-
proteins and cytochrome B [44–48]. The NADH plays
an essencial role in cellular energy metabolism, this pro-
cess implies an enhancement of the ATP synthesis, which
occurs under increasing H2 consunption. A signiﬁcant
amount of H+ protons is released during the enzyme activ-
ity of the NADH dehydrogenase. H+ protons are pumped
into the mitochondrial intermembrane space by both the
NADH hydrogenase and the cytochrome C complex, to-
gether with the cytochrome oxidase [49,50]. In this part
when the spectrum of near 785 nm wavelength is absorbed
by the ferrous heme a+23 in the c-oxidase cytochrome of
the mitochondria [14], promotes rapid modiﬁcations in
the cascade of intracellular chemical and physical reac-
tions, leading to metabolic alterations [51]. These mod-
iﬁcations result from the electrons absorbed by the cy-
tochrome during irradiation and transferred in the oxida-
tive respiration to the CuA receptors, and further con-
ducted internally from the heme-a/CuA receptors to the
heme-a3/CuB central receptor by means of seven inter-
mediary oxi-reduction reactions, involving Fe and Cu
molecules. This process induces the reduction of the oxy-
gen molecule and the consequent production of reactive
oxygen species (ROS) [39,43]. Therefore, the presence of
intracellular ROS seems to alter the REDOX state of the
cell [52]. At concentrations below the cell damage thresh-
old, the presence of ROS may cause several beneﬁcial ef-
fects to the cells, such as proliferation, differentiation and
regulation of cell survival [53–55].
In the present study, alterations in total protein expres-
sion and cellular metabolism were statistically signiﬁcant
at the doses of 15 and 25 J/cm2, which allows speculating
again that the laser parameters applied to the MDPC-23
cells were sufﬁcient to activate chromophores and produce
the amount of ROS necessary to promote changes in the
whole cascade of positive reactions on this cell type. This
speculation is due to the fact that similar results have been
recently reported in a study that showed an increase in net-
work formation with cellular migration stimulating the for-
mation of neurons at the dose of 6.7 J/cm2 [56], L. Gavish
et al. (2008) [57] irradiated monocytes/macrophages and
found a decrease in IL-1β, IL-10, IL-1α, IL-6 secretion,
demonstrating efﬁcacy in the attenuation of inﬂammatory
processes. In osteosarcoma cultures, irradiation with laser
at 780 nm (1, 5, and 10 J/cm2) promoted cellular prolifer-
ation without altering the ALP synthesis, which demon-
strates that this cell type responds to LLLT. Also using
an infrared laser, A.S. Queiroga et al. (2008) [58] demon-
strated a signiﬁcant biostimulatory effect in the bone repair
on rat femur surface. J.L.N. Bastos et al. (2009) reported
satisfactory collagen ﬁber alignment and deposition during
the healing process at Achilles tendon after use of infrared
laser and LED [59].
The increase of cellular metabolism and proliferation
are not the only desired effects of LLLT. Considering the
odontoblast-like MDPC-23 cells used in the present exper-
iment, biomodulation could also stimulate the synthesis of
proteins typical of the dentin matrix, such as collagen, ﬁ-
bronectin and ALP. It has been demonstrated that ALP is
involved in tissue mineralization [27,38] and, in general,
its action is associated with inﬂammatory processes [38].
Several pulp cells (e.g., ﬁbroblasts and odontoblasts), may
synthesize and release ALP if properly stimulated [60].
S. Matsui et al. (2007) [38] applied GaAlAs laser on pulp
cells and observed the occurrence of stimulation of ALP
activity and expression, which is also a marker of cellu-
lar differentiation. In the present study, the cells responded
to laser irradiation by increasing ALP expression only at
doses of 15 and 25 J/cm2.
In this way, in this ﬁrst stage of the project, where sev-
eral protocols of direct laser irradiation and cell culture
under different stress conditions were tested, it was pos-
sible to determine that energy doses of 15 and 25 J/cm2
were the most effective in the biostimulation of MDPC-
23 odontoblast-like cell cultures. In vivo response after ir-
radiation of rat molars has been under investigation and
will provide relevant additional information for the under-
standing of laser-induced cellular mechanisms involved in
dentin hypersensitivity.
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